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The flow prediction in housing case of scroll compressor is one of the most important problems. The refrigerant 
flow has an influence on the basic performance, the behavior of the lubricating oil, the flow resistance and the heat 
transfer between the motor and refrigerant. Especially the quality of the refrigeration cycle and the reliability of the 
compressor can be reduced if the refrigerant including excessive lubricating oil is exhausted from the compressor. 
Thus, the simulation of the refrigerant flow inside the compressor is required to prevent the problem. 
In this paper, at first a tested compressor with visualization windows has been manufactured in this study to 
investigate the air flow using PIV techniques. And the simulation of the flow in the scroll compressor is established 
using computational fluid dynamics (CFD). The predicted flow is compared with the measured flow. Fairly good 
agreement has been achieved between the predicted and measured flow. And then the refrigerant flow in the scroll 




The scroll compressors used in air conditioners are known to be influenced in their basic performance by refrigerant 
gas flow conditions inside the housing case. In addition, the following are caused by refrigerant gas flow conditions: 
the excessive exhaust of lubricating oil as well as the refrigerant vented outside the compressor; the increased loss of 
pressure caused by flow resistance and motor cooling underperformance.  Moreover, the excessive lubricating oil 
and refrigerant exhaust out of the compressor is known to cause a significant decrease in the performance of the heat 
exchanger, as well as negative influence on energy conservation performance.  In line with this, product reliability 
such as the compressor running out of oil gets affected, and therefore it is extremely important to understand the 
behavior of the refrigerant and the oil inside the compressor. 
As a measure to grasp refrigerant behavior inside the compressor, a visualization method using actual equipment can 
be employed.  Recently, visualization methods such as PIV and PTV allow for detailed flow field measurement in 
three dimensions.  However, establishing a desired representation is complicated as the motor spin and the high 
pressure inside the compressor make visualization problematic Although it is possible to establish visualization 
using pressure-proof glass (with refrigerant inside), calculating the flow speed between the rotator and the stator, as 
well as the flow condition inside the rotator creates a condition where visualization is extremely difficult.  As a 
result we decided to predict and analyze the inner refrigerant values using computational fluid dynamics (CFD) 
simulation. 
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In this paper we intend to report on the prediction/evaluation techniques using simulation methods after creating a 
model test unit using a number of glasses in the housing case of the compressor. In addition, we also ran air 
examinations in order to observe the air flow field comparing the results using simulation. 
 
2. EXPERIMENTAL SET-UPS 
 
Based on our company’s scroll compressor, we created a model test unit for air in order to monitor the speed inside 
the compressor using a high-speed camera and PIV. 
 
2.1 Experimental Set-ups 
Figure 1(below) shows an experimental set-up overview of the test unit used for air visualization examinations.  The 
test unit is a modified machine for air and is based on the company’s scroll compressor.   
Modifications include the following: drive is realized using the external motor; a roller bearing replaced the bearing; 
the housing unit was changed to acrylic in order to allow installation of a visualization laser.  
Based on these modifications we applied compressed air that we could trace the scroll’s discharge part. As a result, 
we could watch the inner flow visualization from the outside using the fast-speed camera.  The fast-speed camera’s 


















Figure 1: Experimental set-up 
 
2.2 Experimental Parameters 
We conducted the following experiments with two different configurations in order to create distinctive flow:  
1. With a balance weight for air 
2. Without a balance weight for air. 














Table 1: Page margins for manuscripts 
1 2
















Figure 2: Experimental Parameters
Unit with BW Unit without BW  
Bottom ：BW  
Added to other side
Top BW removed; only the 
top 10mm is cylinder 
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2.3 Measured points 
Figure 3 (below) shows the visualization positions with the high-speed camera. The measuring heights consist of 
two points at the upper motor and the core cut, and the measuring angles are at the following four positions: 45, 90, 


















3. NUMERICAL SIMULATIONS 
 
Regarding the test unit shown in chapter 2, we conducted fluid simulation based on single-phase RANS. 
 
3.1 Governing Equations 
The following conservation equation (Navier-Stokes equations) represents the governing equation to calculate the 
amount of  mass and motion. 










































































t =  
k =turbulence motion energy, tµ =turbulence viscosity, and Sij is average distortion. 












































)(  (4) 
In this equation, kσ  is a turbulent Prandtl number. In formula (4), the first term of the right-hand side represents 
turbulence formation caused by shear stress and normal stress. The second term represents viscous dissipation.  








































































Compressor with observation windows 
Figure 3: Points of Measurement
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=  (5) 
In this equation, εσ  represents turbulent Prandtl number, and 1εC  and 2εC  represents the coefficients of values 
shown in Table 2 [1]-[3]. 
Table 2: Standard ε‐k  turbulence model coefficients 
µC  kσ  εσ  1εC  2εC  
0.09 1.0 1.22 1.44 1.92 
 
3.2 Simulation Model 
3.2.1 CFD Method  
The flow is computed numerically using StarCD. MARS method, a second-order upwind difference, is used for 
advection term discretization in the Navier-Stokes equation.  PISO[4] was used in order to solve the simultaneous 
algebraic equation that was discrete by the finite volume method.  Additionally, the standard ε‐k  model was used 
for the turbulence model as described earlier.  
 
3.2.2 CFD Mesh and boundary conditions 
For the computational domain, we created models of parts where fluid passes through from the discharge point of 
the compressor through the upper motor, the motor, core, stator and the bottom motor. Temperature is not a factor in 
this simulation.  
Figure 4 (below) shows the following: 
(a): Boundary condition. For inlet condition, we used the flow speed shown in Table 1. OUTLET was used for 
outlet condition. 
(b): Mesh distribution: The mesh numbers approximately 340,000, refined enough in small area. 





















3.3   Assumptions for Simulation 
The following are simulation assumptions: 
1) The periodical pulsation caused by the refrigerant compression from scroll spinning is not taken into 
consideration. 
2) We used the fixed predefined conditions for air property values, which state air is a working fluid. 
3) Air is an incompressible viscous fluid 
4) The inner oil influence is not taken into consideration. 
Rotor 
(c) Sectional view of the model and the rotor(a) Boundary condition (b) Mesh distribution 
Inlet condition Outlet condition：
OUTLET  
60Hz 
Figure 4: Computatinal model 
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4. Comparison Experimental Data with Simulation Data  
 
4.1 Comparison for the unit with Balance Weight 
Figure 5 (below) shows the test results (PIV and eye observation) as well as the upper motor position simulation 
results. PIV and eye observation results confirm the simulation that at the upper motor the air was separated into two 
by a gas guide, and that flow released circumferentially, went towards the upper right, which is the direction the 
motor spins.  The flow speed (dimensionless number divided by inlet velocity V) is 0.20V according to analytic 
value at 45 degrees, and 0.30V according to the eye observation calculation. Although these values do not agree in 
quantity when compared to the position at 90 degrees with analytic value of 0.2V and eye-observation value of 
0.33V, the speed tends to be almost the same at 45 and 90 degrees.  Next, the flow passes through a discharge pipe 
with a small amount escaping at the exit, and as a result, the flow speed drops significantly passed 180 degrees.  In 
terms of flow direction, the PIV and eye observation simulation are all in agreement for 45, 90, and 180 degrees.  
However at 315 degrees, the flow direction differs from the simulation and the experiment.  It is presumed that the 
cause of this is because we did not take the terminal and wire lead into consideration during the simulation, which 
led to test conditions differing from actual conditions. 
At the upper motor, all observation points and PIV visualization was possible. However the numbers turned out to 
be smaller when compared to the flow speed calculated from the moving distance observed by eye.  At 180 degrees 
the value of speed becomes larger than at the 45 and 90 degree positions.  This is believed to be largely in part due 
to the insufficient and unstable tracer provided, which is also visible from the images.  We believe that providing a 
























Figure 6 shows eye observation test results and simulation results at the core cut.  At the core cut, the flow speed at 
45 degrees is 0.03V according to eye observation value and 0.08V according to analytic value. Moreover, both 
values show quality agreement and the flow direction is almost precisely upward for both.  However at 90 degrees, 
the experiment shows the flow moving downward at 0.05V, where as the analytic value shows the opposite flow at 
0.05V.  At 180 degrees the flow is distinctive, and the gas proceeds from both the right and left sides of the 
observation window towards the center where the two flows merge. Then the merged flow moves up from the center.  
The upward flow movement after emerging is the same in both quantitative and qualitative simulation.  At 315 
degrees, unlike the simulation, the flow that entered from the left side creates a swirl effect at the center of the 
observation window.  It is supposed that this is a result of complex influences caused by the gas guide placed at 0 
degree and the terminal placed at 225 degrees. 
Moreover, as a distinctive phenomenon, vibration was recreated depending on the rotation period at the core cut in 
both visualization results and simulation results.  This pulse phenomenon was recreated in both visualization results 
and simulation results, even though the air speed pours in as an inlet condition.  






















45 degrees 90 degrees 180 degrees 315 degrees 
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However, PIV processing in wide range at the core cut proved to be impossible.  It is believed that normal PIV 
visualization is impossible due to the unstable tracer provided as described earlier, as well as the low visibility from 


















4.2 Comparison for the unit without Balance Weight 
Figure 7 (below) shows the test results (PIV and eye observation) and simulation results at the upper motor position 
without balance weight.  As discussed earlier, at the upper motor, the separated flow at the gas guide flows towards 
the upper right according to both PIV results and simulation results.  Additionally, the flow coming from the gas 
guide slows down as it goes around circumferentially. In this condition, PIV visualization results and eye 
observation results agree quantitatively.  At 45 degrees, PIV is 0.30V and eye observation is 0.38, while at 90 
degrees PIV is 0.35V and eye observation is 0.35V.  However as observed with the unit with balance weight, the 
experimental results returned larger values when compared to simulation results and experimental results. 
For the flow direction, PIV visualization results and simulation results showed very similar tendencies.  As the flow 



























45 degrees 90 degrees 180 degrees


















45 degrees 90 degrees 180 degrees 315 degrees 
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Meanwhile, the visualization results and simulation results shown in Figure 8 (below) of the core cut is vertically 
upward, and the speed at the center is 0.03V-0.05V according to visualization results, and 0.08V-0.10V according to 
simulation results.  The number is bigger in the simulation results, however the flow speed is faster in both 
visualization results and simulation results than with balance weights. The direction and the center speed agree 
qualitatively. 
As a distinctive phenomenon without balance weight, there was no vibration in both visualization results and 
simulation results, however the flow vibrated in the rotation period with the balance weight at the core cut.  We were 
able to recreate the vibration symptom of core cut position depending on the existence of balance weight, however 




















5. Considerations from simulation results 
 
Figure 9 (below) shows the time line data of flow amount from the horizontal sectional view when the unit with 
balance weight is used.  The refrigerant that exited from the discharge port in the compression space separates into 
two different speeds: the circumferential direction speed and vertically downward speed after exiting the discharge 
guide. The separated vertically downward flow goes directly to the core cut at 0 degree of the core cut, and therefore 
the flow runs vertically downward.   
 
The flow amount at 0 degree is 52% of the discharge flow amount: 
1) However at other degrees of the core cut, the flow runs vertically upwards because the refrigerant that 
cooled the motor comes back from the lower motor.  The total flow amount of the core cut from 45 to 315 
degrees is about 27% of the discharge flow amount. 
2) Another major flow path that returns the refrigerant (from the rotator whole about 22%) from the lower 
motor to the upper motor is the rotator whole created at the center of the rotator. 
3) Refrigerant is returned from the lower motor to the upper motor. 
 
Figure 10 (below) shows the time line data of flow amount from the horizontal sectional view when the unit without 
balance weight is used.  As seen with the unit with balance weight, the flow amount at 0 degree of the core cut is 
52% of the discharge flow amount: 
1) However it measures 43% at other degrees of core cut. 
2) This means there is a 1.6 times increase compared to the unit with balance weight as the flow amount that 
was returned to the upper motor from the rotator whole is significantly decreased.  The reason can be 
described by the simulation of inner pressure distribution which states that with balance weight, the upper 
balance weight is larger than the one at the bottom creating a large low-pressure area at the top making the 
flow from the bottom up, so the flow amount at the rotator whole is large at 22%.  On the other hand, this is 
not the case for without balance weight so the flow amount of the rotator whole becomes small at 4%. 
45 degrees 90 degrees 180 degrees
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These graphs show the successful recreation of the vibration of the core cut with rotational period depending on the 






























• Using this method allowed us to confirm the ability to qualitatively predict single-phase flow inside the 
compressor. 
• As a distinctive phenomenon with balance weight, the simulation results revealed vibration at the core 
cut in rotation period, however the vibration was not recreated without balance weight as it appeared in 
the visualization results. 
• The simulation recreated an increase of the flow speed at the core cut without balance weight as it 
appeared in the visualization results. 
• The simulation results allowed us to analyze the inner flow in detail, and revealed that the rotator shape 
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Sectional view AA  
Figure 9：Time line data of flow amount at each flow path 
(With balance) 
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